Introduction
Since ancient times, saffron threads (the dried stigmas of the saffron crocus, Crocus sativus L.) have been widely used as a flavour enhancer in food, as a tonic, an appetizer, or as a digestive. Moreover, in the areas of its cultivation, saffron has found applications in some medicinal preparations used to treat colds, cardiovascular disorders, and ocular disorders [1, 2] . Currently, the petals of saffron flowers are discarded as waste material, though their chemical profile is similar to that of the stigmas [3] . It has been shown that saffron petals are rich in several antioxidant compounds like flavonols and flavanones [4] , but contain less crocin [5] . The antioxidants have been considered as the active ingredients responsible for a variety of health-enhancing properties that were traditionally attributed to saffron. This study focuses mainly on 2 antioxidant compounds, crocin and kaempferol, that are among the key natural antioxidants in the human diet, and are widely assumed to contribute to the health-enhancing effect of fruits and vegetables [6] [7] [8] . Crocin, the main pigment of C. sativus stigmas, and the most abundant compound in saffron spice, has also been identified in petals of the saffron crocus [9, 10] . Kaempferol and related flavonols, like quercetin, have received considerable interest because of their antioxidant properties and their potential role in chemoprotection [11] [12] [13] . Kaempferol is a well-studied flavonol and has been identified in a range of fruits and vegetables. Recently, petals of C. sativus have been shown to be a particularly rich source of kaempferol glycosides [14, 15] . The total amount of glycosides in petal extracts was established by quantifying the amount of aglycone after hydrolysis. The amount of free kaempferol aglycone detectable before hydrolysis was negligible [16] . The aim of this study was to explore the potential of C. sativus petals as a possible source of antioxidants and chemopreventive compounds for use in hydrogels. These hydrogels could be considered an easy, cheap, enriched delivery system for applications either in treatment of difficult wounds or in wound healing masks and beauty masks as well [13, 17] .
Materials and Methods
Hydrogels are structures capable of swelling and absorbing a large amount of water. They have the capacity to retain properties of a solid due to the presence of crosslinked networks between the macromolecular chains. Many naturally occurring polymers form hydrogels, e.g. poly-N68 acetylglucosamine in bacterial biofilms [18] , hyaluronate in extracellular matrix components, agarose from seaweed, or glucomannans [β-(1,4)-acetylated mannan] from Aloe vera. Because of their outstanding capacity to retain at least 90% of water, hydrogels have been investigated for different biological purposes, e.g. delivery systems for drugs [19] and/or as improved dressing of wounds [20] , and more recently in laser-assisted dental surgery [21] . In the present work, a hydrogel is composed by mixing an aqueous solution with 2 sets of biocompatible synthetic polymers, i.e. polyvinyl pyrrolidone and polyethylene glycol, and agar polysaccharide for jellification. The hydrogel was sterilized before use by gamma radiation at 25 kGy [22] . Three separate solutions were prepared consisting of 60 g polyvinyl pyrrolidone + 6 g agar + 12 mL polyethylene glycol 200 made up to a total volume of 600 mL with distilled water: i.e. the control solution contained just water, the 2 test solutions were made with water containing 160 mg/L of respectively kaempferol or crocin. The purity of the compounds isolated from C. sativus flowers ranged from 96 to 98% as determined by HPLC-DAD [23] [24] [25] .
Results
The hydrogels all appeared clear and were colourless, yellow, and dark orange, respectively, for control, kaempferol, and crocin. The objective of the in vitro test is to assess whether or not the biomaterial interface is toxic for mammalian cells. Since it is composed of a large quantity of water, the hydrogel is well tolerated by the skin. We chose fibroblasts (connective tissue cells) from newborn mice as a model for skin. This cell type grows readily in culture, and is best suited for changing environmental conditions, which is why it is most commonly used for experimental purposes [20] . The objective of the test is to estimate the cytotoxicity degree of a material for biomedical use, obtaining a rapid response as preliminary preparation for future in vivo application [26] . Mice were sacrificed with cervical dislocation. Fibroblasts were obtained by fragmenting the mouse connective tissue with sterile scissors and scalpel, finally digesting the tissue with trypsin. To prepare working solutions, 1.0 mL of trypsin (purchased in 2.5× concentrated) was mixed with 1.0 mL of foetal bovine serum. The isolated fibroblasts were grown, in Petri dishes of 24 and 36 cm 2 , in Dulbecco's modified Eagle's medium supplemented with among others 10% (v/v) heat-inactivated foetal bovine serum, glutamine, and gentamycin. Cultures were maintained at 37 ° C in humidified air with 5% CO 2 . At fixed deadlines, i.e. on the 3rd, 7th, and 14th days after reaching at least 80% cell confluence, all cultures were coloured using the Wright method for cell counting and other morphological evaluations. Figure 1 shows the results of the compatibility tests. From the microscopic images, supported by the cell density with the Image J programme, it can be seen that fibroblasts grow all the way up to the hydrogel, which presents a physical barrier that prevents invasion by the growing tissue. No cell-free zone of inhibition is observed, and no indications can be found for aberrant growth of cells (e.g. blebbing) in the immediate vicinity of any of the 3 hydrogels tested. Importantly, it was observed that cells grew faster in antioxidant-enriched hydrogels compared with the control.
Discussion
The US Food and Drug Administration (1946) lists 2 basic requirements to be met by a biomaterial to dispel any doubt on "biocompatibility": (a) security; (b) efficacy. The first requirement is satisfied by passing the test of direct cytotoxicity. While for the second requirement it is necessary to overcome a series of functionality tests designed to demonstrate the efficacy of the biomaterial implanted. The International Organization for Standardization and the American Society for Testing and Materials have published a series of guidelines outlining how material biocompatibility should be checked using in vitro tests on cell cultures. Only after passing the various assays established for this phase will materials be tested in vivo on laboratory animals, followed by clinical trials in humans. The main problem encountered in the preclinical applications of biomaterials relates to the verification of compatibility with the biological environment and is based on 3 main aspects: (1) morphological compatibility (aspect that concerns the size, shape and mass of the biomaterial); (2) functional compatibility (aspect that concerns the role played by the material with respect to the expected role); (3) biocompatibility (takes care of the biomaterial chemical and biological nature that can induce damaging alterations in relation to the biological substrate that is organ or tissue). We could speculate that our new type of enriched hydrogels is sufficiently flexible to adapt any type/shape of skin. With consideration of sterility, these hydrogels could potentially be used more easily and with more efficacy than bandages as wound dressing for difficult wounds. The biocompatibility is a rather important requirement because a biomaterial must never be harmful to the body in which it is implanted. The target applications of the hydrogels tested in this work are wounds that are classified under the name of "difficult wounds" caused by burns, abrasions, and ulcerations [13, 17] . Also wounds due to vascular or endocrine (diabetes) disease and injury due to prolonged compression or forces cutting causing mechanical stress to the tissues and the constriction of blood vessels (bedsores). They could be nicely used for beautification.
The concentrations of crocin and kaempferol glycosides used in the hydrogels were sufficiently high (>10 μM) to exert antioxidant activity and protect against the effects of reactive oxygen species.
Conclusions
We have shown that our hydrogels can be considered as delivery system for saffron-derived antioxidants in wound management. The cell growth of the enriched hydrogels compared with the control (Fig. 1) clearly demonstrates the capacity of the compounds extracted from saffron petals to stimulate fibroblast expansion. Importantly, these new types of hydrogels are easy to use and do not need complicated guidelines. This paves the way for applications such as wound treatment and wound healing correlated certainly with the cosmetic sector. As a matter of fact, worldwide the new treatments are becoming strongly sensitive to the patients well-being [23] .
